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2013.07.0Abstract Background and aim: Electrical burns are associated with signiﬁcant morbidity and mor-
tality, which are usually preventable with simple safety measures.
Methods: An observational retrospective study of non-lightening electrocution deaths was con-
ducted in Lucknow, India between 2008 and 2012.
Results: Out of 83 deaths, 71 investigated were accidental and the rest were suicidal. The age range
was 11 months to 75 years with a mean age of 28.9 ± 12.5 years. About 65 (78%) were males and
the rest were females. The upper extremity was the most frequently involved contact site in 51
deaths (61%). No electrical burn marks were present in 10 (11.9%) cases. Work-related accidents
were responsible for 49 cases of deaths (59%) and home accidents for 19 cases of deaths
(22.9%). Deaths were caused most frequently by touching an electrical wire (35 cases, 41.9%).
There was an increase in electrocution deaths in the months of July–September (32 cases, 39%).
About 50 cases (60.7%) were dead at the scene of the accident and 33 cases (31.9%) were dead
on arrival at the hospital. The unique ﬁndings of this study include 12 cases (14.4%) of suicidal elec-
trocution and a high rate of work-related accidental electrocution.
Conclusion: Death rates from electrocution among all medico-legal deaths were found to be lower
in this study than in previous reports, most of them were work-related and preventable. Workers
and their employers should be educated to avoid such accidents with safety measures.
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Electricity is an integral part of modern society. Electrical
burns are responsible for considerable morbidity and mortality
and are usually preventable with simple safety measures.1,2
Almost all fatalities by electrocution are accidental, while
homicides and suicides from electricity are rare or uncom-
mon.2 Many workers are exposed to electrical energy daily
during the performance of their tasks. Electricity is a ubiqui-
tous energy agent to which many workers in different occupa-
tions and industries are exposed daily in the performance of
their duties. In addition, many people in different daily activ-
ities deal with it. Many people know that the principal danger
from electricity is that of electrocution, but few really under-
stand how minute a quantity of electrical energy is required
for electrocution. In reality, the current drawn by a tiny
7.5 W, 120-volt lamp, passed from hand to hand or hand to
foot across the chest is sufﬁcient to cause electrocution.3 The
number of people who believe that normal household current
is not lethal or that power lines are insulated and do not pose a
hazard is alarming. Electrocutions may result from contact
with an object as seemingly innocuous as a broken light bulb
or as lethal as an overhead power line and might have affected
workers, since the ﬁrst electrical fatality was recorded in
France in 1879 when a stage carpenter was killed by an alter-
nating current (AC) of 250 volts.4 Death due to electrocution
involves both low- and high-voltage currents, however, most
deaths are due to low-voltage currents used in houses and min-
or industrial settings. The type of power system employed in
India is an AC 220–240 V, 50 A. The epidemiology of electrical
fatalities in Lucknow, India is described between 2008 and
2012. This study: highlights the magnitude of the problem of
occupational and home accidental electrocutions in Lucknow,
identiﬁes potential risk factors for fatal injury, and provides
recommendations for developing effective safety programs to
reduce the risk of electrocution. It is hoped that this study will
serve as a valuable resource for safety and public health profes-
sionals, safety and health trainers, researchers, and others who
can affect the prevention of accidental electrocutions.
2. Methods
2.1. Subjects
An observational retrospective study was done on burn deaths
from Lucknow, which were autopsied according to attorney
requests at Forensic Medicine & Toxicology Department of
K.G. Medical University, Lucknow, India. Of the 21,235
autopsies performed on all types of unnatural deaths between
1 January 2008 and 31 December 2012, 83 (0.4%) were cases of
electrocution. These 83 electrocuted cases form the material of
this study. An in-depth examination of the epidemiological
features and medico legal aspects of these 83 electrocuted
deaths was performed in an effort to more clearly understand
the dynamics surrounding these deaths. Retrospective data
were collected from the autopsy reports of the University, case
sheets from the hospital, the general prosecutor’s investiga-
tions report and the inquest reports from police by the enumer-
ators. The cases were evaluated in items of age, sex, type of
electric mark, body region distribution, place and season of
occurrence, contact details, the duration of hospitalization be-fore death, existence of the multiple trauma due to a fall from a
height, the manner of death, nationality of victims, and poten-
tial risk factors for fatal injury. All enumerators were college
students and were trained by the investigator. At the end of
each working day, the investigator and the enumerators evalu-
ated the data collecting process. The data collected were thor-
oughly cleaned and entered into MS-Excel spread sheets and
analysis was carried out. The procedures involved were
transcription, preliminary data inspection, content analysis,
and interpretation. Percentages were used in this study to
analyze variables.2.2. Setting
The study was conducted in Lucknow, the capital of Uttar
Pradesh in India. As in other low-income countries, electrocu-
tions in India are considered a major health problem that is
associated with high mortality and morbidity. Lucknow is
one of the most crowded cities in India. The population of
Lucknow district, according to the 2011 census is 4,588,455,5
roughly equal to the nation of Georgia6 or the US State of
Louisiana.7 It is placed at the 31st position in a descending or-
der out of a total of 640 populated cities of India.5 The district
has a population density of 1,815 inhabitants per square kilo-
meter (4,700/sq mi).5 Its population growth rate over the dec-
ade 2001–2011 was 25.8%. Lucknow has a sex ratio of 906
females for every 1,000 males, and a literacy rate of 79.3%.3. Results
Overall, 83 electrocution deaths occurred from January 2008
to December 2012. The cases represented approximately
0.4% of all autopsy cases received in the mortuary of King
George’s Medical University, Lucknow, India. An average of
17 people were electrocuted each year, with an average annual
rate of 0.4 per 100,000 persons.
Fig. 1 provides the frequency of electrocutions by the year
of death. Out of the total deaths, 71 (85.5%) fatalities were
accidental, 12 (14.5%) were suicidal and there was no case of
homicidal electrocution (Table 1).
The age range of all electrocution deaths in the study period
was 11 months to 73 years with a mean age of
28.9 ± 12.5 years. About 5% of the victims (4 cases) were in
the 0–9 age group (Fig. 2). The majority of the victims (65
cases, 78%) were male and the male/female ratio was 3.5:1
(Fig. 3).
The upper extremity was by far the most common site, in-
volved in 51 deaths (61%), followed by the chest (14 cases,
17%) (Fig. 4). Among the victims, only electrical contact
marks were present in 59 cases (71.1%), both electrical contact
marks and electrical grounding marks in 14 (17%), and no
electrical burn marks in 10 cases (11.9%) (Table 2).
Work-related accidents were responsible for 49 deaths
(59%) followed by household accidents 19 (22.9%) (Table 3).
Considering the contact details, deaths were caused most fre-
quently by touching electrical wires (35 cases, 41.9%), followed
by touching electrical cables (15 cases, 18.1%), dynamo at
work place (8 cases, 8.9%), refrigerators (1 case, 0.8%), electri-
cal outlets (2 cases, 2.4%), transformers (4 cases, 5.3%), touch-
ing electrical water heaters in the bathroom (9 cases, 11.1%),
18% 17%
19%
22%
24%
2008 2009 2010 2011 2012
Figure 1 Frequency of total electrocution deaths by the year.
Table 1 The manner of death in the 83 cases.
Manner of death N (%)
Accidents 71 (85.5)
Suicides 12 (14.5)
Homicides 0 (0)
Total 83 (100) Male
78%
Female
22%
Figure 3 Cases according to sex.
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(Table 4).
There was an increase in electrocution fatalities in the
months of July–September (32 cases, 39%) (Fig. 5).
4. Discussion
Electrocution is an uncommon cause of death and occurs com-
monly due to an accident.8–10 Electrocution deaths cause
approximately 1,000 deaths each year in the United States.11
There was no previous study about electrocution deaths in
the Lucknow region. In this study these deaths were found
to account for 0.4% of all medico-legal deaths in the region.
Studies in other countries have reported medico-legal death
rates ranging from 1.90% to 3.3%.10,12,13 This study showed
an increase in the annual rate of 0.3 per 100,000 people in
2008 to 0.5 per 100,000 in 2012 with an average annual rate
of 0.4 per 100,000 people.
Among the electrocution deaths, 65 of 83 cases (78%) were
male – perhaps due to more exposure of men to electric haz-≤9 10-19 20-29 30-39 40
5%
17%
35%
22%
Figure 2 Age distribuards compared with 69.9%, 92.5%, and 90.3% in previous re-
ports from other countries.14,15 Some results of this study are
similar to previous studies done in other countries. Similarly,
this study found that the upper extremity was the most com-
mon site involved (61%).16,17
In this study, only electrical contact marks were present in
59 cases (71.1%) and both electrical contact marks and electri-
cal grounding marks were present in 14 cases (17%), whereas
there were no electric burn marks in 10 victims (11.9%) who
died of electrical shocks in water or moist places. Because
water lowers both the skin resistance and the density of electri-
cal current, no burn marks would be expected in these cases.
These results are partly similar to the ﬁndings of other stud-
ies.18–20-49 50-59 60-69 ≥70
12%
5%
3%
1%
tion of the victims.
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Figure 4 Lesion localization of victims.
Table 2 Type of burn marks.
Entry 59 (71.1%)
Entry & exit 14 (17%)
Not observed 10 (11.9%)
Total 83 (100%)
Table 3 Cases according to manner of accident.
Manner of death N (%)
Work accident 49 (59)
Household accident 19 (22.9)
Other accident 3 (3.6)
No accidents 12 (14.5)
Total accidents 83 (100)
Table 4 Type of material causing electrocution.
Type of material N (%)
Electrical wire 35 (41.9)
Electrical cable 15 (18.1)
Water heater in the bathroom 9(11.1)
Washing machine 5(6.6)
Electrical stove 4(4.9)
Electrical outlet 2 (2.4)
Dynamo 8 (8.9)
Transfer 4 (5.3)
Refrigerator 1 (0.8)
Total 83 (100)
Jan-
Mar
9%
Apr-June
33%
Jul-Sep
39%
Oct-Dec
19%
Figure 5 Distribution of cases according to season.
4 S. Kumar et al.Deaths due to electrocution had also occurred most fre-
quently in the months of July–September (Monsoon or rainy
season) in this study (32 cases, 39%) compared with even high-
er rates of summer deaths reported by Fatovich (62.7%) 9 and
Rautji et al. (74%).10 This may be attributable to increased
sweating in the summer, which decreases skin resistance and
increases current ﬂow through the body.21
In this study, the decedents were predominantly from the 20
to 29 age group and 71 cases (85.5%) of fatalities were acciden-
tal. Twelve cases (14.5%) were suicidal and there was no caseof homicidal electrocution. Thus, almost all electrocution
deaths had occurred by accident. However, higher rates of sui-
cide by electrocution were reported by Karger et al. 2002 in 10
cases among 37 deaths (27%).22,23 The main reason for acci-
dental deaths in this study is as follows: electrocution from tree
trimming, contact with an electric switch board of the motor
pump, overheating, aging of the material and use of sub-stan-
dard quality of electrical gadgets that have been the main fac-
tors in contributing to the increasing electrical ﬁre accidents in
industries, electrical short-circuit, etc.
Work-related electrocution deaths were the most common
form of accidents (49 cases, 59%) in this study. The observa-
tion that there is a high rate of electrocution in Indian workers
has a mildly interesting sociological value. Almost all Indian
workers were forced into the most dangerous jobs without
effective safety measures. Many workers are unaware of the
potential electrical hazards present in their work environment,
which makes them more vulnerable to the danger of electrocu-
tion. Thus, it seems that the high rate of work-related electro-
cution mortality in this country can be due to insufﬁcient
safety training for workers and their employers. The most
comprehensive study ever conducted in the United States has
shown that electrocution continues to be a major cause of
death among workers, because workers and their employers
do not recognize the importance of safety training and imple-
menting safe practices.24
Individuals who try to steal from a power utility are at the
risk of electrocution. There are a few cases of death during
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study, deaths during theft from electric utilities were seen in
eight cases (2.7%). All decedents were men who were residents
of the suburb. The National Electrical Code describes high-
voltage as greater than 600 V AC. Most utilization circuits
and equipment operate at voltages lower than 600 V, including
common household circuits (220/240 V); most overhead light-
ing systems used in houses, industries or ofﬁce buildings and
department stores; and much of the electrical machinery used
in industries, such as conveyor systems, and manufacturing
machinery such as weaving machines, paper rolling machines
or industrial pumps. Voltages over 600 V can rupture the hu-
man skin, greatly reducing the resistance of the human body,
allowing more current to ﬂow and thereby causing greater
damage to internal organs. The most common high voltages
are transmission voltages (typically over 13,800 V) and distri-
bution voltages (typically under 13,800 V). The latter are the
voltages transferred from the power generation plants to
houses, ofﬁces, and manufacturing plants. Electrocution
deaths occur mostly at a voltage between 110 and 380 V, which
is the voltage range of houses and industrial electricity.
The extent of injuries received depends on the current’s
magnitude (measured in amperes), the pathway of the current
through the body, and the duration of current ﬂow through
the body (event). The resulting damage to the human body
and the emergency medical treatment ultimately determine
the outcome of the energy exchange (post event). Electrical
hazards represent a serious, widespread occupational danger;
practically all members of the workforce are exposed to electri-
cal energy during the performance of their daily duties, and
electrocutions occur to workers in various job categories.
The electrocution fatality data help researchers to illustrate
the magnitude of the electrocution problem nationally and al-
low a comparison of the potential risks in various situations.
Further investigations must focus on more detailed informa-
tion on electrocution hazards, such as contact with overhead
power lines, contact with exposed conductors, inadequate per-
sonal protective equipment, and nonexistent lockout/tag-out
procedures or other measures necessary for working around
energized conductors and equipment.
5. Conclusion
Most of the deaths in this study were accidental; 12 cases were
suicidal. It is in contrast with studies done in the West where
suicidal cases were as high as two thirds.26 Males were the pre-
dominant victims. In the rainy season, more than 39% of the
deaths occurred. Most of the deaths were either instantaneous
or shortly after the event. The rate of fatality is signiﬁcantly
similar in India as compared with Bulgaria,22 Canada,26 and
other parts of world. In this study, no cases of deaths were
found involving bathtubs and hair dryers. More than 59%
of deaths occurred in the work area. It signiﬁes that people
working at companies did not have an elementary knowledge
of risks of electrocution. Most of the deaths were preventable.
6. Safety
Regulations and safety campaigns have been progressively
implemented aimed at minimizing unintentional deaths from
electrocution, whether in the workplace or at home.Parents and other adults need to be alert to possible electric
dangers in the home. Damaged electric appliances, wiring,
cords, and plugs should be repaired or replaced. Electrical re-
pairs should be attempted only by people with the proper
training. Hair dryers, radios, and other electric appliances
should never be used in the bathroom or anywhere that they
might accidentally come in contact with water. Young children
need to be kept away from electric appliances and should be
taught about the dangers of electricity as soon as they are
old enough. Electric outlets should require safety covers in
homes with young children.
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